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(54) Titie: A NEURAL NETWORK PACKING 
(57) Abstract 

A column packing and a column packing for use in the scrubbing of gases 
by aqueous liquid, the packing comprising material that is electrically conductive 
(1) and material that is non-conductive (2) with such materials being intimately 
mixed with each other, such that the packing as a whole provides the gas-liquid 
surface for absorption and the conductive material in particular serves as a bipolar 
electrode for electrolysis, the column having a top end (3) and a bottom end (4), 
each of these ends having an electrical contact in conductive relation with the 
column packing. 
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A NEURAL NETWORK PACKING 
Field of the Invention 
A new and improved colunan packing has been developed for the scrubbing of 
waste gases by a liquid. This packing comprises both material that is electrically 
conductive and material that is non-conductive. These two types of packing materials 
are intermixed such that the pieces or elements of the conductive material are dispersed 
throughout the column packing. The total packing provides the gas-liquid interface for 
absorption. The conductive material also functions as a bipolar electrode in order to 
electrolyze dissolved gas such as sulfur dioxide or nitric oxide. 

Background of the Invention 

Processes have been disclosed in the prior art for the removal of sulfur dioxide 
from waste gases (U.S. Patent No. 5,344,529) and for the removal of nitric oxide fi-om 
waste gases (U.S. Patent No. 4,925,639). These processes have in conunon the use of 
a column packing that is electrically conductive. Such packing not only serves as a 
surface for absorption of sulfur dioxide or nitric oxide but also enables the 
simultaneous electrolysis of the dissolved gases. In this manner these processes 
overcome the limited solubility of these gases. 

Notwithstanding the advantages of the prior art, certain drawbacks have been 
encountered. In the case of the removal of sulfiir dioxide from waste gases and its 
recovery as sulfuric acid, a bipolar process using conductive packing was disclosed. 
This loose packing material is dumped into a column that contains two electrical 
contacts. As current is passed through the column packing, the pieces in the column 
take on positively and negatively charged sites at which the desired electrochemical 
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reactions occur. 

The effectiveness of the bipolar process will depend in part on the current 
efficiency. Should packing material with high electrical conductivity be used, the packing 
will tend to act like a short circuit, and limited electrolysis will take place. This problem is 
illustrated by the use of packing fabricated from nickel base superalloys. This material has 
an electrical resistivity of 133 micro ohm-cm compared with 1.35 ohm-cm for 30 percent 
sulfuric acid. Thus the conductivity of the packing is close to 10"^ greater than the acid. 

Even using graphite as a packing material, the bed will ftmction as a shunt. Having 
a resistivity at about 1400 micro ohm-cm, graphite will show only marginal improvement 
over the most promising nickel alloys. As a guiding principle, the distribution of current in 
parallel electrical circuits is inversely proportional to the resistivities. 

The process for nitric oxide removal avoids the problem of the packing 
conductivity by using the packing only as the anode. The cathode is located externally to 
the column. The efficiency of this process suffers, however, from the electrical resistance 
of the acid in the lines which connect the column to the compartment which contains the 
cathode. 

It is therefore an object of the present invention to overcome the limitations of the 
prior art, particulaiy with respect to the electrical efficiency. 

At the same time it is an object to provide a means that preserves the 
improvements of the prior art including reduced acid circulation, high scrubbing efficiency, 
and compact design. 

These and other objects, features and advantages of the invention will be apparent 
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from the accompanying drawings and the following description. 
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Brief Description of the Drawings 

Fig. 1 is a schematic representation of a random packing containing pieces that are 
electrically conductive shown in black and pieces that are non-conductive shown in white. 
The proportion of conductive to non-conductive pieces is 50:50. 

Fig. 2 is a diagram similar to that shown in Fig. 1 , but with proportion of 
conductive to non-conductive pieces equal to 40:60. 

Fig. 3 likewise is similar to Fig. 1 but with the proportion of conductive to non- 
conduciive piesces equal to 30:70. 

Summary of the Invention 
In one preferred embodiment, the invention concerns a column packing that 
comprises pieces or elements, some of which are electrically conductive and others which 
arc non-conductive. These pieces are intimately mixed. Said column packing is for use in, 
for example, scrubbing sulfur dioxide and nitric oxide from waste gases and recovery of 
these cases as sulfuric acid and nitric acid respectively. The packing performs a dual 
function .AJl the pieces regardless of their electrical properties provide the gas-liquid 
iniertace for the absorption of the given gases from the waste gas stream. In addition, the 
conducti\ c pieces serve as a bipolar electrode to achieve electrolysis of the dissolved 
gases. The non-conductive pieces form a matrix that acts as an insulator. In this manner, 
the bipolar elements are prevented from shorting, and current efficiency is improved. 
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The packing material may consist of random packing in which case the conductive 
and non-conductive pieces are randomly intermixed, i.e., scattered indiscriminately 
throughout the bed. In practice these pieces would consist of such conmion shapes as 
Raschig rings or Berl saddles. Alternatively, structured packing may be employed, in 
which case a prearranged pattern of conductive and non-conductive elements is used. The 
proportion of conductive to non-conductive pieces or elements is such that the non- 
conductive material provides an insulating matrix. In random packing, a minimum of 
about 30 percent non-conductive pieces is necessary to assure the integrity of the system. 



Detailed Description of the Preferred Embodiments 
The present invention overcomes the limitations of the prior art by using a mixture 
of conductive and non-conductive packing materials. The effect can be appreciated by 
examining the boundary conditions. At one extreme, use of 100 percent conductive 
packing results in a tendency to form a short circuit as noted previously. At the other 
extreme, the use of 100 percent non-conductive packing reduces the scrubbing column to 
a single electrolytic cell with high internal resistance. At some intermediate blend of 
conductive and non-conductive packing materials, optimum results can be expected. 

A better understanding of the invention is obtained by reference to the dravraig 
figures. These figures show in two dimensions random packings that contain both 
conductive pieces 1 (colored black) and non-conductive (white) pieces 2. For the sake of 
simplicity, these pieces 1, 2 are shown as circles to depict balls, and they are packed 
without voids. Conceptually, these packings may be considered for use in a demonstration 
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apparatus, as consisting of lead buck shot 1 and Teflon balls 2. At each end of the 
column, at the top and bottom, are positioned electrical contacts 3, 4, fabricated, for 
instance, from graphite. 

The inventive concept is a column packing for use in the scrubbing of gases by 
aqueous liquid, said packing comprising material that is electrically conductive and 
5 material that is non-conductive with such materials being intimately mixed with each other, 

such that the packing as a whole provides the gas-Uquid surface for absorption and the 
conductive material in particular serves as a bipolar electrode for electrolysis. 

Several features of these packings are of interest: 

First, in the 50-50 mix packing shown in Fig. 1, neither the conductive pieces nor 
10 the non-conductive pieces form a continuum. In this respect, the packing is unlike a liquid 

emulsion where one component acts as the outside phase or medium and the other as the 
inner phase or dispersoid. In emulsions the liquid which is present in excess will, as a rule, 
form the medium. 

Second, both the white circles and the black ones form strands or clumps that are 
15; inter-tangled. The black strands stand out, appearing to be not unlike a neural, network 

with each black body 1 or neuron connected to adjacent black ones. Carrying this analogy 
one step further, electrical impulses or signals are passed along these strands. The 
intimacy between the black and white strands are to be noted. This pattern makes for a 
highly interactive network, one, it seems, which is highly suitable for a bipolar electrode. 
20 Third, as the proportion of conductive bodies decreases, as shown in Fig. 2 and 3, 

the strands become shorter and more dispersed. When the proportion of conductive 
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bodies falls to 30 percent, the non-conductive bodies are capable of forming an 
uninterrupted matrix. Conversely, a minimum of about 30 percent non-conductive pieces 
is necessary to prevent an uninterrupted matrix of conductive pieces. 

Because of the complexity of random packings, this system defies theoretical 
analysis. They should, however, lend themselves to empirical treatment. The packings 
can be considered as the equivalent of many small electrical cells. These cells are 
connected both in series and in parallel. First, considering the cells connected in parallel, 
the total capacity of such cells would be proportional to the electrical current. Next, 
looking at the cells connected in series, the capacity is proportional to the applied voltage. 
Overall, these relationships can be expressed by the following equation: 

C = kVA 

where C is the capacity of the scrubbing column, V is the voltage applied across the 
column. A is the electrical current, and k is a coefficient which depends on the packing 
characteristics. 

Considering the above capacity expression, it might be instructive to examine again 
the boundar\' conditions. When using 100 percent conductive packing, the current will be 
large, but the voltage drop will be very low so that the capacity C will be small. On the 
other hand, with 100 percent non-conductive packing, the current will be extremely small 
even though the applied voltage is great. Again C is small. 

Structured packings allow for the manipulation of the conductive and non- 
conductive elements, A desired pattern with high efl&ciency can be designed into the 
packing. The principle of operation, however, is the same as for random packings. 
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Structured packings depend on the concept of bipolar electrodes arranged in such a 
manner that electrical shorting is avoided. 

The applications for neural network packings are seen to be broad in scope. The 
examples given are not meant to be limiting. Nevertheless, the two most promising uses 
for this invention are the removal of sulfur dioxide and nitric oxide from waste gases. In 
general, however, the invention has usefulness in cases where there is a need to absorb a 
gas in aqueous solution and simultaneously electrolyze the resulting solute. By improving 
on the electrical efficiencies of such processes, neural network packings can make a 
significant contribution to the technology. 

The embodiments of the invention in which exclusive property or privilege is 
claimed are defined as follows. 
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Claims 

What is claimed is: 

1 . A column packing for use in the scrubbing of gases by aqueous liquid, said 
packing comprising material that is electrically conductive and material that is non- 
conductive with such materials being intimately mixed with each other, such that the 
packing as a whole provides the gas-Uquid surface for absorption and the conductive 
material in particular serves as a bipolar electrode for electrolysis. 

2. A column packing according to claim 1 where such packing is used in 
processes to remove sulfur dioxide from waste gases. 

3 . A colunrn packing according to claim 1 where such packing is used in 
processes to remove nitric o>dde from waste gases. 

4. A column packing according to claim 1 where the electrically conductive 
and non-conductive materials are randomly intermixed. 

5. A column packing according to claim 4 where the proportion of non- 
conductive packing exceeds 30 percent. 
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20 
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AMENDED CLAIMS 
[received by the International Bureau on 03 June 1999 (03.06.99); 
original claims 1-5 cancelled; new claims 6-1 1 added; (3 pages)] 

1. Please cancel claim L 



2. Please cancel claim 2. 



3. Please cancel claim 3. 



4. Please cancel claim 4. 



5. Please cancel claim S. 



AMENDED SHEET (ARTICLE 19) 



BNSEXXJID: <WO 9940236A1 J_> 



wo 99/40236 PCT/US99/01692 

10 



6. A column and a column packing for use in the scrubbing of gases by an aqueous 
liquid, said packing comprising electrically conductive pieces and non-conductive pieces, 
with such pieces being randomly intermixed and spaced between two electrical contacts, such 

5 that the packing as a whole provides the gas-liquid interface for absorption and the 

conductive pieces in particular serve as a bipolar electrode for electrolysis, the proportion of 
conductive to non-conductive pieces being sufficient to form strands or clumps of conductive 
pieces but less than the lowest proportion which causes an electrical shunt between the 
electrical contracts, said column having top and bottom ends on each of which said electrical 
10 contacts are positioned. 

7. A column packing according to claim 6 where the proportion of conductive to non- 
conductive pieces is 50:50. 

15 8. A column packing according to claim 6 where the proportion of conductive to non- 

conductive pieces is in the range of 50:50 to 70:30. 

9. A colunm packing according to claim 6 where the proportion of conductive to non- 
conductive pieces is in the range of 40:60 to 50:50. 

20 

10. A colunm packing according to claim 6 where the proportion of conductive to 
non-conductive pieces is in the range of 30:70 to 40:60. 
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11, A column packing according to claim 6 where the packing is characterized by the 
relationship C=kVA where C is the capacity of the column packing, V is the apphed voltage 
across the electrical contacts, A is the electrical current, and k is a constant. 
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